Abstract. Osteosarcoma is the most common malignant bone carcinoma that primarily occurs between childhood to adolescence. It was suggested by recent research that the Brain type glycogen phosphorylase (PYGB) gene may serve an important role in various types of cancer. In the present study, the PYGB gene was knocked down in order to evaluate the cell viability, invasion and migration of the human osteosarcoma cell lines MG63 and HOS. The expression levels of PYGB in osteosarcoma and bone cyst tissue samples, as well as in the osteosarcoma cell lines were identified using reverse transcription-quantitative polymerase chain reaction and western blot assay. Subsequently, a Cell Counting kit 8 assay was employed to evaluate cell proliferation. Cell apoptosis rate and cell cycle distribution were measured by flow cytometry. In addition, cell invasion and migration were evaluated through a Transwell assay. The expression levels of the cell apoptosis and tumor metastasis associated proteins B-cell lymphoma 2 (Bcl-2), Bcl-2-associated X protein, E-cadherin, Twist, matrix metalloproteinase (MMP)-9 and MMP2 were measured via western blotting. PYGB exhibited a higher expression level in the osteosarcoma tissue samples, particularly in the human osteosarcoma cell lines MG63 and HOS. Knockdown of PYGB resulted in a decline in cell proliferation, invasion and migration, which was coupled with induced cell apoptosis and cell cycle arrest in MG63 and HOS cells. Furthermore, alterations in the expression of apoptosis and metastasis associated proteins indicated that small interfering (si)PYGB may have regulated cell viability by targeting the Bcl/Caspase and cyclin dependent kinase (CDK)-1 signaling pathway. In conclusion, PYGB siRNA exerted an inhibitory effect on the cell viability of the human osteosarcoma cells MG63 and HOS by blocking the Caspase/Bcl and CDK1 signaling pathway, highlighting novel potential therapeutic methods for treating osteosarcoma.
Introduction
Bone cysts and osteosarcoma are tumor-like lesions of the bone. Bone cysts are mainly treated with surgery, which is associated with good prognosis; however, osteosarcoma is the most common malignant bone tumor that has poor prognosis, often resulting in metastatic disease (1) (2) (3) . It represents 15% of all primary bone tumors and 0.2% of all malignant tumors in children and young adults (4) (5) (6) (7) . Currently, the main treatment for osteosarcoma is primary surgical control combined with systemic chemotherapy. Although the 5-year survival rate in patients with localized osteosarcoma is improved to ~60% with this treatment, it is difficult for patients with osteosarcoma at advanced stage to be cured (8, 9) .
Brain type glycogen phosphorylase (PYGB), which is encoded by the PYGB gene, catalyzes the rate-determining step in glycogen degradation (10, 11) . It is upregulated by adenosine monophosphate, and downregulated by adenosine triphosphate and adenosine diphosphate (12, 13) . Previous studies reported that PYGB was overexpressed in various types of cancers, including colorectal, gastrointestinal and non-small cell lung cancer (14) (15) (16) . Due to the positive regulation of PYGB during the transitional process of adenoma cells to carcinoma cells, PYGB may be a useful biomarker to detect malignancy potential in precancerous lesions. Thus, the present study attempted to explore the role served by the PYGB gene in human osteosarcoma in order to identify a potential molecular marker for early diagnosis and treatment in clinical practice.
In the present study, the human osteosarcoma cell lines MG63 and HOS, with overexpressed PYGB, were transfected with PYGB small interfering (si)RNA. MG63 and HOS with PYGB knocked down were evaluated for cell proliferation, cell apoptosis, cell cycle distribution, invasion, migration and associated protein expression. The aim of the present study was to investigate the role of PYGB in the progression of osteosarcoma and explore novel therapeutic methods for the treatment of osteosarcoma.
Materials and methods
Tissue samples collection. Between January 2014 to December 2014, 15 patients with bone cysts (9 males and 7 females, age range: 5-59 years) and 35 patients with osteosarcoma (20 males and 15 females, age range: 8-55 years) were enrolled in the present study. The exclusion criteria were bone metastasis, rheumatoid arthritis and unwillingness to participate in the study. The study protocol was approved by the independent Ethical Committee of Zhongnan Hospital of Wuhan University (Hubei, China) and written informed consent was obtained from all participants. The bone cysts or osteosarcoma tissues were collected from all participants during routine surgery at Zhongnan Hospital of Wuhan University and kept at -80˚C until use.
Cell culture and transfection. MG63, HOS, U-20S, SaoS-2 and SW1353 cells were obtained from the Cell Bank of Type Culture Collection of Chinese Academy of Sciences (Shanghai, China). All the cell lines were cultured in Dulbecco's modified Eagle's medium (DMEM; Hyclone; GE Healthcare Life Sciences, Logan, UT, USA) containing 10% fetal calf serum (Thermo Fisher Scientific, Inc., Waltham, MA, USA) and 1% 100X mycillin in 5% CO 2 at 37˚C. Cell viability was evaluated by trypan blue staining at room temperature for 1 min and observed using a light microscope (Olympus Corporation, Tokyo, Japan) when the cells reached 90% confluence. Cells with 95% cell viability were digested with 0.25% trypsin (Beijing Solarbio Science & Technology Co., Ltd.) and seeded into 6-well plates (5x10 5 cells/well) prior to transfection. A total of 3 PYGB siRNAs (Shanghai Genepharma, Co., Ltd., Shanghai, China) with different interference sites and control siRNA (NC; Shanghai Genepharma, Co., Ltd.) were used for transfection (Table I) Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis. The mRNA expression of PYGB in the 50 tissue samples and the cell lines was measured by RT-qPCR. TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) was used to extract and quantify total RNA from tissue samples or cultured cells. A Revert-aid reverse transcription kit (Fermentas; Thermo Fisher Scientific, Inc., Pittsburgh, PA, USA) and a SYBR-Green PCR kit (Fermentas; Thermo Fisher Scientific, Inc.) were used to perform RT-qPCR according to the manufacturer's protocol. The temperature protocol for RT was as follows: 37˚C for 60 min, 85˚C for 5 min and 4˚C for 5 min. The thermocycling conditions for qPCR were as follows: 95˚C for 10 min followed by 40 cycles of 95˚C for 15 sec and 60˚C for 45 sec. Table II presents the primers used for the amplification of PYGB and the reference gene, GAPDH. Quantification was performed using the 2 -∆∆Cq method as previously described (17) .
Western blot assay. Transfected cells were washed twice with 1X PBS, followed by radioimmunoprecipitation assay lysis buffer (Beijing Solarbio Science & Technology Co., Ltd.) containing a 0.01% protease inhibitor cocktail (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany at 4˚C. Lysed cells were centrifuged at 12,000 x g for 15 min at 4˚C and the supernatant was collected. Proteins were quantified using a Bicinchoninic Acid protein quantification kit (Thermo Fisher Scientific, Inc.) and run on a 12% SDS-PAGE (30 µg/lane). Proteins were then transferred to a nitrocellulose filter membrane (EMD Millipore, Billerica, MA, USA) electrophoretically and blocked with 5% skim milk at room temperature for 1 h. The membrane was then incubated with antibodies against PYGB (1:1,000; ab154969; Abcam, Cambridge, MA, USA), E-cadherin (1:1,000; cat. no. 14472; CST Biological Reagents Co., Ltd., Shanghai, China), Twist (1:500; ab175430), matrix metalloproteinase 9 (MMP9; 1:500; ab119906), MMP2 (1:1,000; ab92536; all Abcam), B-cell lymphoma 2 (Bcl-2; 1:400; sc-492), Bcl-2-associated X protein (Bax; 1:500; sc-493; both Santa Cruz Biotechnology, Inc., Dallas, TX, USA) and GAPDH (1:1,500; 5174, CST Biological Reagents Co., Ltd.) at 4˚C overnight. Following further incubation with horseradish peroxidase-conjugated goat anti-mouse (1:1,000; A0206) or goat anti-rabbit (1:1,000; A0208) secondary antibodies (Beyotime Institute of Biotechnology, Shanghai, China) at room temperature for 1 h, the blots were observed visually using enhanced chemiluminescence (Thermo Fisher Scientific, Inc.). ImageJ version 1.4.3 (National Institutes of Health, Bethesda, MD, USA) was used for densitometry analysis.
Cell proliferation assay. Cultured and transfected cells were trypsinized with 0.25% trypsin (Beijing Solarbio Science & Technology Co., Ltd.), and diluted to 1-5x10 4 cells/ml. Each 1 ml of cells was seeded into each well of 96-well plates. Plates were incubated at 37˚C for 0, 24, 48 and 72 h, hand mixed with 100 µl DMEM containing 10% Cell Counting kit (CCK)-8 reagent (Dojindo Molecular Technologies, Inc., Kumamoto, Japan), then further incubated for 1 h. Cell proliferation was evaluated using a spectrophotometer at the optical density of 450 nm.
Cell apoptosis assay. Cultured and transfected cells were lightproof stained using an Annexin V-fluorescein isothiocyanate apoptosis detection kit (BD Biosciences, Franklin Lakes, NJ, USA) for 10 min at room temperature. Cell apoptosis was then evaluated using a flow cytometer (Accuri C6) and analyzed with Accuri C6 software, version 1.0.264 (both BD Biosciences).
Cell cycle assay. Cultured and transfected cells were fixed with 70% pre-cooled ethanol at 4˚C for 12 h following digestion with 0.25% trypsin and stained with propidium iodide at 4˚C for 10 min. DNA content was measured using a flow cytometer (Accuri C6) and analyzed with Accuri C6 software, version 1.0.264 (both BD Biosciences).
Cell invasion and migration assay using Transwell.
Transfected cells were cultured in serum-free medium for 24 h prior to inoculation. Cells were digested with 0.25 trypsin (Beijing Solarbio Science & Technology Co., Ltd.) and diluted to 1x10 5 cells/ml using DMEM (Hyclone; GE Healthcare Life Sciences) containing 1% fetal bovine serum (FBS, Thermo Fisher Scientific, Inc.). In the cell invasion assay, the upper chamber was coated with 80 µl Matrigel prior to the transfer of cells. A total of 0.5 ml cell suspension was added into the upper chamber; the lower chamber was filled with 0.75 ml DMEM containing 10% FBS in each well. Following incubation at 37˚C for 48 h, cells were fixed with 1 ml 4% methyl alcohol in each well at room temperature for 10 min, and then stained with 1 ml 0.5% crystal violet for at room temperature 30 min. The 24-well plates were washed three times using 1X PBS and the number of invading cells were counted in 3 randomly selected fields using a light microscope (Olympus Corporation, Tokyo, Japan) under magnification, x200.
Statistical analysis. Experiments were repeated three times. Data were expressed as the mean ± standard deviation and were analyzed using analysis of variance and Tukey's post hoc test. GraphPad Prism 5.0 software (GraphPad Software, Inc., La Jolla, CA, USA) was used to perform and analyze the data. RT-qPCR data was analyzed using ABI Prism 7300 SDS Software (Applied Biosystems; Thermo Fisher Scientific, Inc.). P<0.05 was considered to indicate a statistically significant difference.
Results
Screening of an osteosarcoma cell line with a high expression level of PYGB. The gene expression level of PYGB was significantly different between normal (bone cyst; n=15) and tumor tissues from 35 patients with osteosarcoma (P<0.01; Fig. 1A ). In addition, MG63 and HOS cells exhibited significantly higher expression levels of PYGB than the other osteosarcoma cell lines including U-20S, SaoS-2 and SW1353 detected by the western blot assay (P<0.001; Fig. 1B and C) . Therefore, the human osteosarcoma cell lines MG63 and HOS were selected for the subsequent experiments.
PYGB siRNA inhibits cell proliferation. The interference effect of PYGB siRNA, at 3 interference sites, on MG63 and HOS cells was determined using western blotting and RT-qPCR. The protein expression level of PYGB at all 3 interference sites declined significantly in MG63 and HOS cells (P<0.001; Fig. 1D and E) . The mRNA expression of PYGB also decreased significantly when compared with the negative control group (Fig. 1F) , indicating the efficient interference ability of PYGB siRNA at interference site 1. In addition, CCK8 was employed to evaluate the cell viability of MG63 and HOS cells. As a result, the cell proliferation of PYGB siRNA transfected MG63 and HOS cells declined in a time-dependent manner (P<0.05, P<0.01 and P<0.001; Fig. 2 ) indicating that siPYGB inhibited cell viability.
PYGB siRNA induces cell apoptosis. The apoptotic rate of MG63 and HOS cells was measured through flow cytometry following transfection for 48 h. Apoptotic rate was calculated from the percentage of early apoptotic cells shown in the lower right quadrant ( Fig. 3A and B) . The results demonstrated that the apoptotic rate of MG63 cells increased to 22.33±2.14% in comparison with the 4.03±0.77% of the negative control group (n=3; P<0.001; Fig. 3A) . Similarly, the apoptotic rate of HOS cells rose from 4.00±0.68 to 20.37±1.68% (n=3; P<0.001; Fig. 3B ), indicating cell apoptosis was induced due to siPYGB, which in turn was suggestive of the important role of PYGB in osteosarcoma.
PYGB siRNA arrests cell cycle. Cell cycle distribution of MG63 and HOS cells was identified using flow cytometry following transfection for 48 h. Cell cycle distribution was calculated according to the cell count at each stage ( Fig. 3C and D) . The results revealed that the percentage of PYGB siRNA treated MG63 cells in the G1 phase increased significantly from 49.74±1.54 to 69.41±2.35% (n=3; P<0.01; Fig. 3C ) when compared with the negative control. While the percentage of cells in the S and G2 phases decreased from 21.04±2.59 to 14.15±0.98% (n=3; P<0.05) and from 25.62±0.64 to 8.19±0.11% (n=3; P<0.01), respectively. In addition, a decline in cell count was also observed in the S phase of HOS cells from 21.62±0.99 to 11.23±0.16% (n=3; P<0.001), and in the G2 phase from 27.03±0.89 to 7.42±2.11% (n=3; P<0.001; Fig. 3D ). However, an increase in the percentage of G1 phase HOS cells was observed from 49.52±2.44 to 75.95±0.64%, suggesting that the cell cycle distribution was arrested in the G1 phase.
PYGB siRNA inhibits cell invasion and migration. The invasion and migration ability of MG63 and HOS cells was evaluated using a Transwell assay. As the results show in Fig. 4A and B, the invaded MG63 and HOS cells observed were fewer in number in the PYGB siRNA group than in the control and negative control groups. The cell count also markedly declined in the PYGB siRNA group in MG63 and HOS cells (P<0.01 and P<0.001), indicating that there was significantly inhibited cell invasion in the two cell lines due to siPYGB. Suppressed migration rate of MG63 and HOS cells was also detected. A decreased number of migrated cells was observed in Fig. 4C and D, and a decline in cell count indicated that there was a significantly suppressed migration rate in MG63 and HOS cells ( Fig. 4B and D; P<0.01) .
PYGB siRNA suppresses cell viability through the Bcl/Caspase and cyclin dependent kinase (CDK1) signaling pathway.
Protein expression of the cell apoptosis associated proteins Bcl-2 and Bax, as well as the invasion and migration associated proteins E-cadherin, Twist, MMP9 and MMP2 were measured by western blotting (Fig. 5) . The results revealed that Bax was significantly upregulated and Bcl-2 was significantly downregulated in MG63 and HOS cells, indicating that cell apoptosis was induced, and in turn, that the Bcl/Caspase signaling pathway was activated (n=3; P<0.001). In addition, the expression levels of Twist, MMP9 and MMP2 were significantly downregulated in MG63 and HOS cells when compared with the negative control (n=3; P<0.05, P<0.01 and P<0.001). The protein levels of E-cadherin increased in MG63 and HOS cells following treatment with PYGB siRNA (n=3; P<0.001), indicating that cell invasion and migration was inhibited.
Discussion
In the present study, a greater expression of PYGB was detected in osteosarcoma samples when compared with bone cyst samples. Furthermore, as the regulatory effect of siPYGB on the cell proliferation, apoptosis, cell cycle, and cell invasion and migration of the osteosarcoma cell lines MG63 and HOS, the identification function of PYGB in osteosarcoma was demonstrated. Bax and Bcl-2 were investigated in order to obtain further insight into the potential mechanisms involved in cell apoptosis induced by siPYGB in osteosarcoma cells. Bcl-2 belongs to the Bcl/B-cell leukemia-2 family and is antagonistic towards Bax (18, 19) . Bcl-2 has an anti-apoptosis function that inactivates the pro-apoptotic proteins Caspase-3, Bax and Bcl-2 antagonist/killer, and inhibits the release of apoptosis-promoting substances from the mitochondria. In agreement with the cellular function of Bcl-2 and Bax, induced cell apoptosis in PYGB siRNA treated MG63 and HOS cells was accompanied by increased Bax and declined Bcl-2 protein levels, which indicated that apoptosis in siPYGB transfected cells was induced via the Bcl/Caspase signaling pathway; this in turn suggested the vital role of PYGB in the survival of osteosarcoma cells.
Tumor metastasis involves epithelial-mesenchymal transition (EMT) and mesenchymal-epithelial transition (MET) (20) . MET is coupled with the degradation of the extracellular matrix (ECM) by the MMP family (21, 22) . EMT is accompanied by the degradation of the basement membrane, which is normally responsible for tissue organization maintenance; cell structural support is an essential step for tumor metastasis (23) . Type IV collagen is the most abundant component of the basement membrane, and can easily be degraded by MMP2 and MMP9 (21, 22) . The declined expression levels of MMP2 and MMP9 in the present study, suggested there may be stabilization of the ECM and a decreased invasion rate of osteosarcoma cells.
E-cadherin belongs to the cadherin superfamily, which serve an important role in the switch between EMT and MET. Epithelial cells are held together tightly via a crucial type of cell to cell adhesion. It has been reported to act as an invasion suppressor gene in pre-invasive lobular breast carcinoma (24, 25) . Mutations in this gene have been associated with gastric, breast, colorectal, thyroid and ovarian cancer. Loss of E-cadherin expression leads to the release (26) . However, cancer cells in the mesenchymal state may undergo MET in certain favorable microenvironments following migration to novel sites by E-cadherin during metastasis (27) . In addition, upregulated E-cadherin induced cell-cell adhesions between cancer cells at differentiated epithelial cell features in order to form a novel tumor lesion (28) . Twist is a highly conserved transcription factor that belongs to the alkaline spiral-ring-spiral protein family. In contrast to E-cadherin, it serves an important role in the occurrence and development of embryos as a key regulation factor in the process of epithelium-interstitial change (29) . Twist was demonstrated to be a potential cancer gene protein that promotes the occurrence, invasion, metastasis and tolerance, and inhibits the apoptosis, of tumor cells (30) . In the present study, the upregulation of E-cadherin and downregulation of Twist in the siPYGB group corresponded to the suppressed invasion and migration rate, which indicated that there may be tight cell-cell adhesion and relocation of tumor cells during the metastasis of MG63 and HOS cells. In view of the decreased Twist and increased E-cadherin expression levels, the cell invasion and migration of the human osteosarcoma cell lines MG63 and HOS may be inhibited by PYGB siRNA via the CDK1 signaling pathway.
In conclusion, in the present study PYGB interference resulted in inhibited cell proliferation, arrested cell cycle, induced cell apoptosis, and suppressed cell invasion and migration, potentially via the Caspase/Bcl and CDK1 signaling pathway. Thus, the significant inhibitory effect of PYGB siRNA on the cell viability of the human osteosarcoma cell lines MG63 and HOS was demonstrated. The findings of the present study suggested that PYGB may considered as a therapeutic target for osteosarcoma.
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